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malignant with time through the stepwise outgrowth of progressively more
malignant subpopulations of tumor cells.

It is now widely accepted that initiation, the first step in malignant
cell transformation, begins the carcinogenic process, while in most cases
promotion is required to complete the process (Co83). This concept of
carcinogenesis as a two-stage process was suggested originally by studies of
tumor induction in mouse skin in which a dose of chemical carcinogen that
was too small to cause a detectable increase in the incidence of tumors
was found to induce a high incidence of tumors if it was followed by
repeated administration of a suitable promoting agent, an agent that did
not cause tumors when administered alone (Bo74a, Be75). A synergistic
interaction between the initiating effects of radiation (or various chemicals)
and specific promoting agents is now known to occur in many different
organs and cell systems (Mo64, Pe85, Ja86, Ke84a). In these studies, it
was observed that promotion caused a higher incidence of cancer with a
shortened latent period (Ry71). It has been widely assumed that a similar
two-stage mechanism involving initiation and promotion exists for radiation
carcinogenesis.

Whereas most initiating agents, including radiation, are carcinogenic
by themselves in a single exposure if they are administered in a sufficiently
large dose, promoting agents must be given repeatedly over long periods of
time, during which successive phases of promotion may be distinguishable
(Pe85). Different promoting agents, moreover, may act at different stages
of promotion. By the same token, different agents that inhibit promotion
may act at different stages in the process (Pe85).

The term tumor progression has been used traditionally to denote
the acquisition of increasingly malignant properties within an established
cancer, presumably via genetic instability. However, the term has also
come to be used to denote the conversion of a benign growth into a
malignant growth. In either case, the process reflects the proliferation of a
subpopulation of cells within a tumor. This subpopulation of cells expands
and overgrows the less aggressive cells. Radiation has been shown to be
capable of enhancing the process of progression (Ja87). Other clastogenic
agents such as hydroxyurea (Hah86) may also be progression agents for
carcinogenesis (Personal Communication, Dr. Henry Pitot). Similarly,
initiation-promotion-initiation experiments, in which promotion is followed
by a second initiation step brought about by the administration of an
initiator, have been found to increase the final incidence of malignant, as
opposed to benign tumors (Mo81, He83). While initiation is thought by
some investigators to result from mutational events, promotion appears to
involve non-mutational effects on the kinetics of intermediate-stage cells.

The first step in the initiation of carcinogenesis, whether by radiation
or a chemical carcinogen, has been observed to be an event that occurs